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A metabolically versatile microbial community in the Iberian Pyrite Belt deep subsurface. The non-cyanobacterial organisms found in samples 420 and 607 ( Fig. 1B ; SI Appendix, Data S2) might be syntrophic with cyanobacteria (SI Appendix, Fig. S5 ), as is common in biological crusts (1) . In particular, fungi are metabolically versatile and adept at penetrating rocks to access their internal resources, and increase the space available for colonization (2) . We found laccases and peroxidases in the fungal fraction of our metagenomes, but no pathways for aromatic compounds degradation, suggesting that they are not able to grow on buried, recalcitrant organic matter on their own. However, the alphaproteobacteria showed nearly-complete pathways for the degradation of aromatic compounds, such as lignin or kerogen monomers (SI Appendix, Fig.  S6 ). While some steps in such pathways are oxygen-dependent, small amounts of hydrogen peroxide -which yields oxygen via catalase -might be produced in the IPB subsurface by the reaction of water with defect surface sites on pyrite crystals (3). Fungi and alphaproteobacteria might thus cooperate in the degradation of recalcitrant organic matter, with the fungus being able to catalyze the breakdown of recalcitrant organic matters into smaller subunits, and the alphaproteobacterium being able to degrade the resulting compounds (SI Appendix, Fig. S5 ). Indeed, tight associations between ascomycota and alphaproteobacteria have been observed before in lignin degrading consortia (4). The monomers resulting from the depolymerization of recalcitrant organic matter could also be used as extracellular acceptors by cyanobacteria or other organisms. Another potential metabolism for alphaproteobacteria could be hydrogenotrophy, using nitrate or oxygen as the electron acceptors (5). Bacteroidetes, on the other hand, are specialized in the hydrolysis of complex carbohydrates, and could be feeding on cyanobacterial extracellular polysaccharides (EPS) as reported in other microbial mats (6) . The EPS secreted by cyanobacteria would not only be a carbon source for heterotrophs, but also facilitate colonization by other organisms by protecting them from desiccation (7). Our results point at the existence of a metabolically coupled community in the deep subsurface of the IPB, in which cooperation and specialization are key to survival in the harsh conditions of the deep biosphere.
Fig. S1
Experimental setup from the extraction of IPB rock cores to the processing of the samples. Special care was taken in the steps in orange. 1) Drilling of the IPB. 2) Extraction and fragmentation of the rock cores.
3) The rock cores were transported to a sterilized anaerobic chamber. 4) The innermost part of the rock core was carefully drilled, checking constantly that the core temperature was not higher than 40ºC. 5) The core powder and shards were used for biological and physicochemical characterization. 6) DNA from the samples was extracted using UV-sterile components and reagents in an UV-sterile cleanbench. 7) The low amounts of DNA were amplified by means of multiple displacement amplification (MDA) using UV-sterile components and reagents in an UVsterile PCR cabinet.
Fig. S2
Geological, physicochemical and organic compound profiling of borehole BH10. Abbreviations: Fau, faults; She, shears; Pyr, pyrite content; Sug, total sugars; Prt, total proteins; FA, fatty acids; Pal, palmitate; Ste, stearate; TOC, Total organic carbon; For, formate; Ace, acetate; Pro, propionate; Oxa, oxalate. 
Fig. S5
Potential metabolic interactions in the microbial community found in sample 420. Names in blue correspond to enzymes, electron carriers or metabolic pathways; names in black correspond to organic and inorganic compounds. Dotted blue arrows correspond to electron flow; black arrows correspond to mass flow. Dotted black arrows or names with interrogations indicate processes that have been described in the literature but are not directly supported by the metagenomic data. Abbreviations: ATPsyn, ATP synthase; CCP, cytochrome C peroxidase; cytBD, cytochrome bd; cytC, cytochrome C; Fd, ferredoxin; FDH, formate dehydrogenase; glbN, cyanoglobin, hup, uptake hydrogenase; hox, bidirectional hydrogenase; MK, menaquinone; napC/cytC, denitrification associated cytochrome C; nar, respiratoty nitrate reductase; NDH, NADH dehydrogenase; nir, respiratoty nitrite reductase; nor, respiratory nitric oxide reductase; nos, nitrous oxide reductase; PQ, plastoquinone; SDH, succinate dehydrogenase; TCA, tricarboxylic acid cycle; UQ, ubiquinone.
Fig. S6
Metabolic pathways for the degradation of lignin derivatives and other aromatic compounds found in the metagenome of sample 420. Red dashed arrows indicate reactions not directly supported by the metagenomic data. Table S1 . DNA isolation methods used for each of the rock core samples. 
